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unity, it rises rapidly with temperature until a maximum 
of 122 is att,ained a t  89O F., beyond which point the 
values decline. 

Proper application of this method calls for a better 
measure of t,emperature than is afforded b the daily 

plants exposed to constmt t.emperatures. The indes of 
efficiency corresponding to a given daily meail tempera- 
ture may be far different from that obtained by summing 
the indices f n r  t,he components of this mean. Where 
thermogra h records are ava.ilable, a far more rtcrurat.o 
t.hough rat fl er laborious process is to determine the indes 
corresponding to the mean t.emperature for eac.h t.wo- 
hour period and taking the average of the values thus 
obtained. This eliminates practically all of the periods 
of ineffective tern erature instead of combining them 

the vnlue of the whole. The two-hour period has been 
chosen as a compromise between accuracy and espedi- 
ency. Intervals of one hour or even less would yield 
more accurat.e results but at the ex ens8 of greatly in- 

obtained by averaging two-hour eriods are compared 

Figure 2 shows the relative temperature efficienc in the 
various forest types of nort,hern Arizona referre8 t,o t.he 
growth of maize seedlings. I t  will be observed t.hat 
althou h based u on records of a single season the graphs, 

very consistent relat<ionship between t.he forest types. 

TABLE l.-Physiological tempera1 iire efficiency 

[Yellow-pine type] 

mean. Lehenbauer's experiment was con d' ucted with 

with periods of e 2 ective temperature rlnd thus reducing 

creasing the work of compilation. !? n Table 1, indice3 

with those derived from the dai P y mean t.emperat,ure. 

as in t 5 e case o f mean masimuni temperature, show- a 

-~ I Daily temperature I ~~~~~~~~1~~ 

June, 1918 i Masl- 
I mum 
! 

O F .  

54.2 10.33 
56.5 14.44 
56.3 1278 
57.05 14.4 
58.45 16.11 
110.25 19.88 
59.65 19.88 
63.25 27.11 
67. I5 41.33 

5z.a 9 . 2  

Since plants var in their heat requirements, indices of 

cerned, or at least for severa! groups of species having 
approximately the same requirements. In  forestr, fo r  
instance, separate determinations should be ma e .for 
characteristic species such as western yellow pine, 
Dou las fir, and Engelmann s ruce. 

physiological indices is the only one which is based directly 
on the response of plants to heat. This method promises 
to be very useful when supported by thermograph re- 
cords and ex erimental datit on the response of various 

stances, which indeed are those generally encountered, 
the mean masimum tern erature is believed to be the 

Southwest it has proven far more consistent and expres- 
sive than mean temperature, and wh?le it may not prove 
equally superior in re ons of low dally range and higher 

valuable adjunct to records of mean temperaturo. As 

efficiency should g e determined for each species con- 

O f  all the methods here $ escribed, the method of 

s ecies. Wit \ out these data, however, the values 
o t tained are only a rough index. Under these circum- 

most practical index avai P able. In  the mountains of the 

t.emperatures genera ff y, it  will undoubtedly prove a 
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FIG. !d.-Physlologld tempetraure etEdancy, I918 

com ared to the method of summing daily means above 
43" b. or any other minimum limit, it  hns the advantage 
of greater simplicity and consistency. 

In conclusion I wish to recommend to ecologists that 
t,hey consider the mean masimum temperature where 
thermograph records are not to be had. Obviously, the 
mean mtuxnurn is to be re nrded only as an index rather 

To Weather 

effort to include t>he mean maximum in their temperature 
summaries. 

than a corn lete measure o f5l eat conditions. 
Biireau o 2 cids I wish to. suggest that they use every 
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OUR PRESENT KNOWLEDGE CONCERNING THE ATMOS- 

PHERIC DISTURBANCES OF RADIOTELEGRAPHY 
L. W. AUSTIN' 

Our present knowledge concerning the atmos heric 
disturbances of radiotelegraph is very limited, %ut in 
the following I have atternptedito make a brief r6sum6 
of the known facts and generally accepted hypotheses. 

11:. S. Neval R m l h  Research Laboratory, Bureau @I Standards. Washington, D. C.1 

- - -  
1 Subreport of committee on stmospheric-elcctric phenomena and measurements in 

the troposphere and stratosphere presented at tho annual meeting of the section of ter- 
restrial mugnetism and electricity o! the American Qeophysical Union. Apr. 18. 19B. 

9 Reprinted from Bull. of the National Research Councll, voi. 7, pt. 5, No. 41. Wash- 
ington, 1824, PP. 127-130, 
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Atmospheric dis turbances, popularly called s t,a tic, 
form the chief obstacle to the progress of radio telegraphy 
and telephony. They give rise to troublesome noises in 
the telephone receivers, which frequently make the re- 
ception of signnls a t  great distances impossible, even in 
t.he case of the most powerful tra.nsmit,ting st.nt,ions. 
They are generally most violent during thewarmer months, 
and are especially severe in the Tropics. They differ in 
strength from ear to year, ancl t4heir intensity usually 

ceiving apparatus is tuned. 
The disturbances have been classified by Eccles accortl- 

increases rapid r y with the wave lengt,h to which the re- 

single pulses. $hat this type of disturbance has some- 
times a certain ount of tuning is shown by the fact, t.hat 
t.he individual T? ischarges are not always heard siniul- 
taneously at different wave lengths, but. it  is believed that, 
the discharges are so numerous that, since they occur nt. 
different fre uencies, they Iorni a kind of disturl>ance 
spectrum an1 thus appear in the receiving apparatus at 
every wave length to which the antenna may be t.uned. 
While nothing is definite1 known as to the exact nature 
of the source of the rumding disturbances, it is believed 
that they are probably produced in the up er atmosphere 

waves expand in a more or less spherical manner until 
the lower portions of the wave front strike the eart.h, 
when they spread out, uided by the earth, and moye off 

exactly like the electrical waves started from the trans- 
mitter of an airplane. The more powerful rumbling dis- 
turbances seem to come frequently from definite centers 
which often appear to lie above mountainous regions; 
for esample, a large ro ortion of these disturbances 

Washington appear to come from the direction 07 Mount. 
Rainier. Other well-marked centers hare been observed 
in the mountains back of San Francisco and San Diego. 
The centers mentioned appear to be nearly constant in 
position and have been continuously active since t,heir 
first discovery in 1920. It is believed that t.here is also 
a center of great energy somewhe.re in southern Mexico 
which frequently roduces receiving difficulties through- 

t,he Allegheny Mountains are also noticed. Among 
other reported sources of rumbling disturbances are large 
cities, perhaps on account of their ascending currents of 
heated air, thunderclouds, thou h here the are ap ar- 

roduce clicks, and the advancing ed es of rain areas. 
ft may he said that, in general, the rum % lin disturbancps 
more commonly originate above the land! as ships far 
out a t  sea are comparatively little troubled by them. 

The intensities of disturbances of the rumbliiig type 
seem to be closely connected with the seasonal variations 
in the height of the sun's path. Some observations in 
Africa, report,ed by Dr. R. B. Goldschmidt and R. Brail- 
lard, tend to show that radio stations close to the Equator 
have two well-marked maxima durin the year at  the 

by electrical readjustments. The resu P ting electrical 

with a wave front whic E soon becomes practically rertical 

which have been note B f  a ong the coast of Orewon and 

out tshe eastern T. P nited States, where disturbances from 

ently unconnected with the visib 7 e lighting H ashes, w i: ich 

time when the path of the sun passes t 7l rough the zenith. 

When the disturbances are directive and come from a 

received, it is often possihle to eliminate a large part T o 
direction different from that of the signal which is bei 

t.he disturbances and thus improve the reception by mak- 
ing use of unidirectional receiving a paratus. Unfortu- 
11at.ely it generally happens that t K ere are seconda 
cent.ers, such as local douds or near-by mountains, whic 
11.c t iipon the receiving station from several directions 
n b  t.he same time. 

So.me situations have been found, notably in California, 
where the disturhances corne almost entirely from one 
point. 'In these places reception from the direction of 
t,he Pacific Ocean can be made nearly free from atmos- 
pheric troubles. 

In addition to the rumbling disturbances, c.rashes are 
oft.en heard in the tele hones which seem to differ in 
origin and character Born the rumbling type. The 
difference in sound of the two types is not emily dis- 
t,in iishable for untrained observers, since the rumbling 

carasliing disturbance, however, is not followed by 
rumbling. There is little evidence that the crashes are 
directive in character. while there are a number of 
observations which tend to show that they occur simul- 
tmeously at  widely distant stations: for example, at  
San Francisco and Honolulu. It has been suggested 
t,hat t,hey mav be connected with solar outbursts, al- 
though there Lq lit$le direct proof to this effect. Some- 
t.imes they appear to occur in large number on days when 
eart,h-c.urrent disturbances are noted on telegraph and 
cable lines. It is also thought by radio operators that 
the crashes are ent.irely untuned UI character, since the 
individual crashes are observed frequently simultane- 
ously on widely different wave lengths. 

P 

is F reyuently preceded by a crashing noise. The true 

THE CHIEF PROBLEMS OF ATMOSPFIERIC DISTIXBANOEB 

1. There is need of systematic daily observations on 
the intensity of the at,mospheric disturbances a t  a lar e 
number of points in all parts of the earth. It is desirab 7 e 
where possible, to have this intensity measured in terms 
of elect.rir. TOltaCV? on the antenna espressed in volts per 
Jnet,er height.. kventuall y recording apparatus should 
he devised for automatica~ly talcina these observations. 

3. Measurements are also neexed on the prevailing 
directioii nf the directive taypes of disturbances at widely 
scattered stat.ions. As soon as possible recording in- 
struments should be used for this purpose. A di- 
rection recorder has, I believe, already been con- 
struc.ted in England. These observations will probably 
show daily and seasonal shifts of prevailing direc- 
t.ion and will eventually indicate certain points as 
disturbance centers. 

3. When these disturbance centers are identified, a 
st.udv should he made of the meteorological a.nd electrical 
rondi t.ions prevailing, which will perhaps throw light on 
t.he conditions under which the disturbances are pro- 
duced. 
4. Observstiona should be ma.de on the simultaneity 

of individual disturbances Itt, widelg distant points, 
identifving as far as ossihle tjhe type of disturbance. 

should he setkled. 
When sufliceint information regarding these points 

has been collected, corn aiisons can be made between 

activity, the earth's electrical and magnetic phenomena, 
and those of seismology ancl volcanology. 

5. ?'he cluestinn o P the direct.ivity of the crashing type 

the disturbances and ot R er natural phenomena, solar 


